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Description

[0001] The invention relates to a method for manufac-
turing microporous carbon material.

[0002] The terms for macropores, mesopores and mi-
cropores as used herein are based on the classification
adopted by IUPAC, according to which macropores have
a pore diameter greater than 50 nm, mesopores have a
pore diameter between 2 nm and 50 nm, and micropores
have a pore diameter of less than 2 nm.

[0003] The particle sizes are measured herein by laser
diffraction in a liquid medium. Auxiliary materials such as
surfactants can be used. The evaluation of the measure-
ment is carried out according to Mie and/or Fraunhofer.
[0004] Methods for manufacturing microporous car-
bon material from metal carbide material are known from,
for example, WO 98 / 54111 A1 and US 8 137 650 B2.
[0005] US 2012/0 148 473 A1 discloses a method of
manufacturing carbon from metal carbides by thermo-
chemical etching of metals and/or metalloids at elevated
temperatures with higher purity.

[0006] S.Osswald, J. Chmiola, Y. Gogotsi, "Structural
evolution of carbide-derived carbons upon vacuum an-
nealing", CARBON, vol. 50, no. 13, 2012-06-17, pages
4880-4886, XP55938907, GB, ISSN: 0008-6223,
doi:10.1016/j.carbon.2012.06.016, discloses high-tem-
perature treatments of carbide-derived carbons. Vacuum
annealing increases the pore volume and surface area
of titanium carbide-derived carbon with no significant
change in the pore size up to 1500 °C. This treatment
produces microporous carbons with subnanometer po-
rosity and a specific surface area up to 2000 m2/g, while
treating the samples at temperatures above 1600 °C in-
creases the pore size above 1 nm due to graphitization
and collapse of the micropore structure. The results dem-
onstrate that vacuum treatment can be used to further
tune the pore structure. Vacuum annealing of carbide-
derived carbon is therefore a suitable alternative to con-
ventional microstructure modification methods, such as
gas or liquid phase activation.

[0007] WO 2017 /207 593 A1 discloses physical acti-
vation of initially porous carbon materials by gas-phase
activation. Nanoporous carbon material with predeter-
mined surface area and pore size is selected and acti-
vated by heating and interacting carbon with water va-
pour at the temperature range from 500 ° C to 900 °C.
[0008] WO 2005/ 118 471 A1 discloses a method for
making microporous carbon with modified pore size dis-
tribution. The carbon is derived from metal or metalloid
carbides.

[0009] Microporous carbon material is a popular elec-
trode material for applications in the field of batteries and
supercapacitors. It has been found that smaller pore siz-
es in particular are advantageous for high volumetric ca-
pacity (farad/cm3). However, a problem with the usual
manufacturing processes is that the pore size increases
with increasing synthesis temperature.

[0010] A higher temperature during the reaction is ad-
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vantageous, however, because it allows the reaction to
proceed faster and thus increases productivity.

[0011] It is the object of the invention to disclose an
improved manufacturing process for microporous carbon
material.

[0012] The objectis achieved by the subject-matter of
the independent claims. Preferred further embodiments
are the subject-matter of the dependent claims.

[0013] The invention provides a method for manufac-
turing microporous carbon material, the method compris-
ing the following steps:

a)in afluidized bed reactor, fluidizing a granular met-
al carbide material by means of a halogen gas or a
gas mixture containing a halogen gas at a tempera-
ture from 800 °C to 1300 °C, both inclusive;

b) maintaining the product obtained in step a) at a
temperature from 150°C to at most 250°C, both in-
clusive, and under vacuum ata pressure from 1 mbar
to 300 mbar, both inclusive; and thereafter or sub-
sequently

c)maintaining under an atmosphere of hydrogen gas
or of a gas mixture containing at least 30% by volume
of hydrogen based on the total volume of the gas
mixture, at a temperature of from 800°C to 1300°C,
both inclusive; and

d) comminuting to a particle size D90 of 10 wm to 30
pm, both inclusive, and a particle size D10 of 1.5 um
to 2 wm, both inclusive.

[0014] Preferably, the halogen gas is a gas containing
at least one halogen atom. HCI and Cl, are examples of
a halogen gas.

[0015] Preferably, in step a), the gas mixture consists
of the halogen gas and an inert gas that is inert at the
temperatures.

[0016] Preferably, in step a) the gas mixture consists
of the halogen gas and areactive gas thatis reactive with
the metal carbide material at the temperatures.

[0017] Preferably, in step a), the gas mixture consists
of the halogen gas, an inert gas, and a reactive gas.
[0018] Preferably, the inert gas is selected from a
group consisting of helium, neon, argon, krypton, and
xenon. Preferably, the inert gas is argon.

[0019] Preferably, the reactive gas is selected from a
group consisting of carbon monoxide, carbon dioxide,
and water.

[0020] Preferably, the halogen gas is a gas containing
at least one halogen atom. HCI and Cl, are examples of
a halogen gas.

[0021] Preferably, in step a), the gas mixture consists
of the halogen gas and an inert gas that is inert at the
temperatures.

[0022] Preferably, in step a) the gas mixture consists
of the halogen gas and areactive gas thatis reactive with
the metal carbide material at the temperatures.

[0023] Preferably, in step a), the gas mixture consists
of the halogen gas, an inert gas, and a reactive gas.
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[0024] Preferably, the inert gas is selected from a
group consisting of helium, neon, argon, krypton, and
xenon. Preferably, the inert gas is argon.

[0025] Preferably, the reactive gas is selected from a
group consisting of carbon monoxide, carbon dioxide,
and water.

[0026] Preferably,the metal carbide material has a par-
ticle size D90 of from greater than 10 um to including
500 wm, preferably from including 50 pm to 200 pm,
more preferably from 120 um to 180 pm. The particle
size distribution can be monomodal or multimodal, pref-
erably bimodal.

[0027] Preferably, in step a), after fluidizing with the
halogen gas or gas mixture, fluidizing with a purge gas
in the fluidized bed reactor at a temperature of from 800
°Cto 1300 °C, bothinclusive, wherein the purge gas does
not react at least with carbon at said temperature.
[0028] Preferably, in step a), during fluidization, the
temperature is from 900 °C to 1200 °C, both inclusive,
preferably from 1000 °C to 1100 °C, both inclusive, pref-
erably from 950 °C to 1050 °C, both inclusive, preferably
from 980 °C to 1020 °C, both inclusive.

[0029] Preferably, the purge gas is selected from a
group consisting of helium, neon, argon, krypton and xe-
non. Preferably, the purge gas is argon.

[0030] Preferably, the metal carbide material is select-
ed from a group consisting of ternary carbide material,
vanadium carbide material, titanium carbide material,
molybdenum carbide material, silicon carbide material,
tungsten carbide material, tantalum carbide material, and
niobium carbide material. Preferably, the metal carbide
material is selected from a group consisting of VC, TiC,
MoC, SiC, WC, TaC, and NbC. Preferably, the metal car-
bide material is silicon carbide material or SiC. Prefera-
bly, the halogen gas is chlorine.

[0031] Preferably, in step a), the halogen gas is sup-
plied in an amount which is from 100% to 110%, both
inclusive, of the stoichiometrically required amount. Pref-
erably, in step b), the vacuum is from 5 mbar to 200 mbar,
both inclusive, of the stoichiometrically required amount.
[0032] Preferably, instep b)the vacuum s from 5 mbar
to 200 mbar, both inclusive, preferably from 5 mbar to 80
mbar, both inclusive, more preferably from 8 mbar to 15
mbar, both inclusive, more preferably 10 mbar.

[0033] Preferably, step a) is carried out for a duration
of from 8 hours to 13 hours, both inclusive.

[0034] Preferably, step b) is carried out for a duration
of from 12 hours to 30 hours, both inclusive.

[0035] Preferably, step c) is performed for a duration
of from 2 hours to 4 hours, both inclusive.

[0036] Preferably,instep a), fluidizing with the halogen
gas or gas mixture is performed for a duration of from 9
hours to 13 hours, both inclusive, and fluidizing with the
purge gas is performed for a duration of from 1.5 hours
to 2.5 hours.

[0037] Preferably,instep a), fluidizing with the halogen
gas or the gas mixture is carried out for a duration of 2.5
hours to 3.5 hours per kilogram of metal carbide material.
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[0038] Preferably, step b) is carried out for a duration
of from 22 hours to 26 hours, both inclusive.

[0039] Preferably, step b) is carried out for a duration
of from 22 hours to 26 hours both inclusive.

[0040] Preferably, step c)is carried out prior to step d).
Preferably, step d) is performed prior to step c). Prefer-
ably, step c) is performed before step d) and then step
c) is performed again with a lesser duration, preferably
with a duration not less than 15 minutes.

[0041] Preferably, step b) is carried out using the flu-
idized bed reactor.

[0042] Preferably, step c) is carried out using the flu-
idized bed reactor or using a tube or rotary kiln.

[0043] One idea of the invention is to produce micro-
porous carbon material for application in the energy stor-
age field. In particular, an increase in the amount of car-
bon material produced is to be achieved, as well as a
pore structure which is particularly useful for energy stor-
age applications. The invention follows the basic principle
of treating a metal carbide material with a halogen gas
and producing microporous carbon material by the reac-
tion. Carbon material of this type is referred to as "car-
bide-derived-carbon" or CDC for short.

[0044] The metal carbide material, for example silicon
carbide, is fed into a fluidized bed reactor as a granulate
with a particle size of about 150 wm. Preferably, 90 per-
cent of the particles have a size of less than 150 um,
which is known in brief as D90 of 150 wm. Other particle
sizes up to about 500 wm are also conceivable in princi-
ple. In order to achieve acceptable fluidization of the met-
al carbide powder in the fluidized bed reactor, the gas
flow rate should be adjusted.

[0045] During treatment with the halogen gas, for ex-
ample chlorine, the metal is removed from the metal car-
bide material and blown out of the reactor as a gaseous
metal halide compound due to the high temperature.
What remains is a carbon material that has to be treated
in further steps in order to finally obtain the properties
that are desired for energy storage manufacture. These
properties are influenced, among other things, by the size
of the polymers, the particle size and functional groups
on the carbon surface.

[0046] Inordertoremove excess halogen gas from the
reactor and the material, the fluidized bed reactor is pref-
erably purged with an inert gas, such as argon, at a high
temperature.

[0047] Advantageously, after halogen treatment and
purging with inert gas, the material is heated to a mod-
erate temperature of up to about 250 °C under vacuum.
In this way, halogen-containing impurities can be re-
moved from the material even more effectively.

[0048] The dehalogenated material may still have cut
bonds or unsaturated bonds, also known as "dangling
bonds". Treating the material with hydrogen gas at a high
temperature can saturate the cut bonds, effectively re-
moving them. Thus, the likelihood of undesirable sub-
stances accumulating on the carbon material due to the
cut bonds can be reduced.
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[0049] Advantageously, the carbon material is used in
the manufacture of energy storage cells, such as super-
capacitors and secondary batteries. In particular, the car-
bon material is used in at least one of the electrodes of
the cells. For this purpose, it is advantageous to be able
to produce a fine suspension or slurry with the carbon
material, also known as "slurry". The particle size also
allows the production of so-called dry electrodes. The
carbon material can be comminuted before or after treat-
ment with hydrogen gas, for example in a mill such as a
ball mill or jet mill.

[0050] Particle sizes D90 of 10 um to 30 wm have prov-
en particularly useful in practice. Preferably, the particles
should have a particle size D10 of more than 1.5 pm to
2 pm.

[0051] Overall, theideas described herein can be used
to produce a microporous carbon material suitable for
use in the manufacture of supercapacitors and second-
ary batteries. The microporous carbon material disclosed
herein has all three types of pores, i.e., micropores, mes-
opores and macropores.

[0052] Examples of embodiments are explained in
more detail with reference to the accompanying sche-
matic drawings. Therein:

Fig. 1 depicts a schematic flow diagram of the man-
ufacturing process;

Fig. 2 depicts a scanning electron micrograph of a
particle cross-section after synthesis and before size
reduction; and

Fig. 3 depicts a diagram of the pore size distribution
of the material.

[0053] Reference is made in the following to Fig. 1,
which shows an embodiment of a method for manufac-
turing microporous carbon material.

[0054] The method comprises a treatment step S100.
In the treatment step S100, particulate metal carbide ma-
terial, for example silicon carbide, is initially fed into a
fluidized bed reactor. The reactor and thus the metal car-
bide material are heated to a temperature of about 1000
°C. Lower temperatures from 800 °C are also conceiva-
ble. The heating process preferably takes between 1 hour
and 1.5 hours.

[0055] Then the metal carbide material is fluidized by
means of a halogen gas, preferably chlorine gas. The
volumetric flow rate of the chlorine gas is adjusted so that
about 100 percentto 110 percent of the stoichiometrically
required amount of chlorine gas flows through the fluid-
ized bed reactor.

[0056] Fluidization at high temperature is carried out
for a period of about 2.5 hours to 3.5 hours per kilogram
of metal carbide material in the fluidized bed reactor.
[0057] After completion of the halogen treatment, the
fluidized bed reactor is fluidized with a purge gas at a
constant high temperature. The purge gas is such that it
does not react with the carbon even at the high temper-
atures of 1000 °C. The preferred purge gas is, for exam-
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ple, argon. The purge gas may also be a mixture of mul-
tiple substances.

[0058] The method further comprises a desorption
step S102. In the desorption step, the product obtained
from the previous step is removed from the fluidized bed
reactor and kept at a temperature of preferably 195 °C
to 205 °C under a rough vacuum of about 10 mbar. During
this process, excess halogen gas escapes from the ma-
terial. The halogen gas dissolving from the material can
visibly set the powdered material in motion.

[0059] Preferably, the desorption step S102 is carried
out at least until the visible movement of the material
comes to a standstill. A small safety period of about 15
min to 30 min can still be provided for the desorption step
S102 by which the step is carried out longer. The des-
orption step can also be carried out without separate
monitoring. In this case, the desorption step S102 is car-
ried out for, for example, 12 hours to 24 hours.

[0060] The method further comprises a passivation
step S104 and a grinding step S106. These steps are
performed after the treatment step S100 and the desorp-
tion step S102.

[0061] For the passivation step S104, the material ob-
tained from the previous steps is charged into a rotary
kiln or into a fluidized bed reactor. The material is heated
to a temperature of about 1000 °C and brought into con-
tact with hydrogen gas or a gas mixture containing at
least 50 percent by volume of hydrogen based on the
total volume of the gas mixture. In the case of the fluidized
bed reactor, the material is fluidized with the hydrogen
gas or the gas mixture.

[0062] The duration of the passivation step is prefera-
bly based on the total dissolved solids (TDS) value of the
passivated material. To determine the TDS value, the
carbon is boiled in distilled water for 10 min and the fil-
tered-off water is measured at 25 °C using a conductivity
probe. The passivation step S104 is carried out at least
until the TDS value reaches or falls below 50 nS/cm. This
is because in this case the risk of damage to the elec-
trodes due to corrosion by the slurry increases. The pas-
sivation step S104 is preferably carried out until the TDS
value is between 2.5 pS/cm and 50 nS/cm, preferably
up to 10 nS/cm, more preferably up to 5 nS/cm.

[0063] Then, in comminution step S106, the passivat-
ed material is comminuted to a particle size D90 of inclu-
sive 10 pm to inclusive 15 um and a particle size D10 of
more than 1.5 um to 2 pm. These particle sizes allow
the formation of a slurry which is particularly suitable for
further processing for the production of supercapacitors
and secondary batteries or their electrodes.

[0064] The comminution step S106 can be carried out
before or after the passivation step S104. If the commi-
nution step S106 is performed after the passivation step
S104, it is advantageous to perform the passivation step
S104 again, but for a shorter duration than the first pass.
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Example 1: Carbon material made from SiC

[0065] Reference is made in the following to Figs. 2
and 3, which show characteristic features of the micro-
porous carbon material obtained by the previously ex-
plained method based on SiC.

[0066] Fig. 2 shows a scanning electron microscope
image of a section through a single particle prepared ac-
cording to the present invention. There are clearly ma-
cropores present in the material.

[0067] As can be seen from Fig. 3, the carbon material
has a high number of pores with a pore diameter between
5 angstroms (A) and 9 A. The most common pore size
is about 6.5 A.

[0068] In addition to these micropores, the material al-
so has micropores with a pore diameter of more than 9
A to almost 20 A. The most common in this range is a
pore diameter of about 11.5 A to 12.5 A. It has been
shown that such a pore distribution, including the macro-
pores, is particularly suitable for the fabrication of super-
capacitors and secondary batteries.

[0069] The porosity was determined by nitrogen phy-
sisorption in conjunction with the Brunauer-Emmet-Teller
(BET) and Rouquerol evaluation methods as described
in the IUPAC Technical Report: "Physisorption of gases,
with special reference to the evaluation of surface area
and pore size distribution (IUPAC Technical Re-port)" by
Thommes et al, Pure Appl. Chem. Chem. 2015; 87(9-10):
1051-1069 . This disclosure is specifically incorporated
herein by reference. The total pore volume was deter-
mined using BET, while the micropore volume was de-
termined using density functional theory (DFT). Since not
all assumptions of the BET method may be met for mi-
croporous materials, the surface areas determined from
the BET method and the DFT method may appear con-
tradictory. A look at the pore size distribution allows the
correct estimation of the ratio of the surfaces to each
other, i.e. how much surface area of the carbon material
is due to micropores.

[0070] The microporous carbon material produced
from SiC using the method presented here had a surface
area of about 1290 m2/g and a total pore volume of 0.6
cm?3/g. The total pore volume is determined at a relative
pressure of 0.95 according to IUPAC. Here, the micro-
pore volume accounts for about 0.5 cm3/g and the mi-
cropore surface area is about 1334 m2/g. Considering
the pore size distribution in Fig. 3, it can be concluded
that almost the entire surface area is due to micropores,
with the majority of the micropores again having diame-
ters of 5A and 9 A.

[0071] In addition, the microporous carbon material
produced by this method has an ash content of less than
1% by weight based on the total mass of the microporous
carbon material. The skeletal density is about 2.277
glcms3 to 2.451 g/cm3. The skeletal density was deter-
mined by helium pycnometry at constant volume (Used
gas pycnometer AccuPyc Il from Micromeritics).

[0072] Using standard spectroscopy techniques, the
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carbon material was shown to contain graphitic and also
amorphous structures (Ramanspectroscopy), as well as
being free of oxygen-containing groups on the surface
(IR spectroscopy).

Example 2: Carbon material made from TiC

[0073] The method as previously described is per-
formed with TiC as the carbide material. The pore size
distribution is similar to SiC, but the primary peak is at
8.5 A. The carbon material has a surface area of about
1681 m2/g and a total pore volume of 0.8 cm3/g. Of this,
the micropore volume accounts for 0.6 cm3/g and the
micropore surface area is about 1448 m2/g.

Comparative example: commercially available activated
carbon

[0074] Commercially available activated carbon is
available, for example, under the trade name YP-50F
from Kuraray. The primary peak of the pore size is at 8
A. The carbon has a surface area of about 1707 m2/g
and a total pore volume of 0.9 cm3/g. The micropore vol-
ume accounts for 0.6 cm3/g and the micropore surface
area is 1289 m2/g.

[0075] In order to improve the production of micropo-
rous carbon material, especially for use in electrodes of
supercapacitors and secondary batteries, a method is
proposed in which particulate metal carbide material is
fluidized with a halogen gas at a high temperature in a
fluidized bed reactor, the halogen gas is desorbed at a
lower temperature of 150 °C to at most 250 °C under
vacuum, and then the material is passivated using hy-
drogen gas and then milled.

Claims

1. A method for manufacturing microporous carbon
material, the method comprising the steps of:

a) in a fluidized bed reactor, fluidizing a granular
metal carbide material by means of a halogen
gas or a gas mixture containing a halogen gas
at a temperature of 800 °C up to and including
1300 °C;

b) maintaining the product obtained in step a) at
a temperature of 150°C to at most 250°C and
under vacuum at a pressure of 1 mbar up to and
including 300 mbar; and thereafter or subse-
quently

¢) maintaining under an atmosphere of hydro-
gen gas or of a gas mixture containing at least
30% by volume of hydrogen based on the total
volume of the gas mixture at a temperature of
800°C up to and including 1300°C; and

d) comminuting to a D90 particle size of includ-
ing 10 wm to including 30 wm and a D10 particle
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size of including 1.5 pm to 2 pm.

The method of any of the preceding claims, wherein
step a) comprises, after fluidizing with the halogen
gas or gas mixture, fluidizing with a purge gas in the
fluidized bed reactor at a temperature of 800°C to
1300°C, wherein the purge gas does not react with
at least carbon at that temperature and is selected
from a group consisting of helium, neon, argon, kryp-
ton and xenon.

The method of claim 2, wherein the purge gas is
argon.

The method of any of the preceding claims, wherein
the metal carbide material is selected from a group
consisting of vanadium carbide material, titanium
carbide material, molybdenum carbide material, sil-
icon carbide material, tungsten carbide material, tan-
talum carbide material, and niobium carbide materi-
al, or wherein the metal carbide material is silicon
carbide material and wherein the halogen gas is
chlorine.

The method according to any of the preceding
claims, wherein in step a) the halogen gasis supplied
in an amount of 100% up to and including 110% of
the stoichiometrically required amount.

The method according to any of the preceding
claims, wherein in step b) the vacuum is from includ-
ing 5 mbar to including 200 mbar, preferably from
including 5 mbar to including 80 mbar, more prefer-
ably from including 8 mbar to 15 mbar, more prefer-
ably 10 mbar.

The method according to any of the preceding
claims, wherein:

step a) is carried out for a duration of from in-
cluding 8 hours to including 13 hours;

step b) is performed for a duration of from in-
cluding 12 hours to including 30 hours; and
step c) is performed for a duration of from in-
cluding 2 hours to including 4 hours.

8. The method of claim 7, wherein:

in step a) fluidizing with halogen gas is per-
formed for a duration of 9 hours up to and in-
cluding 11 hours, and fluidizing with the purge
gas is performed for a duration of 1.5 hours up
to 2.5 hours; and

step b) is carried out for a duration of from 22
hours to 26 hours.

9. The method according to any of the preceding

claims, wherein step c) is carried out before step d),
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10.

1.

or wherein step d) is carried out before step c), or
wherein step c) is carried out before step d) and then
step c) is carried out again for a shorter duration.

The method according to any of the preceding
claims, wherein step b) is carried out using the flu-
idized bed reactor.

The method according to any of the preceding
claims, wherein step c) is carried out using the flu-
idized bed reactor or using a rotary kiln.

Patentanspriiche

1.

Verfahren zur Herstellung von mikroporésem Koh-
lenstoffmaterial, wobei das Verfahren die folgenden
Schritte umfasst:

a) in einem Wirbelbettreaktor, fluidisieren eines
granularen Metallcarbidmaterials mittels eines
Halogengases oder eines Gasgemisches, das
ein Halogengas enthalt, bei einer Temperatur
von 800 °C bis einschlieRlich 1300 °C;

b) Halten des in Schritt a) erhaltenen Produkts
auf einer Temperatur von 150 °C bis hdchstens
250 °C und unter Vakuum mit einem Druck von
1 mbar bis zu und einschlieRlich 300 mbar; und
danach oder anschlieRend

c) Halten unter einer Atmosphare aus Wasser-
stoffgas oder aus einem Gasgemisch, das min-
destens 30 Vol-% Wasserstoff bezogen auf das
Gesamtvolumen des Gasgemisches enthélt,
bei einer Temperatur von einschlieRlich 800 °C
bis einschliellich 1300 °C; und

d) Zerkleinern auf eine PartikelgréRe D90 von
einschlieflich 10 pm bis einschlieRlich 30 pm
und eine PartikelgréRe D10 von einschlieBlich
1,5 wm bis 2 um aufweist

Verfahren nach einem der vorhergehenden Anspri-
che, wobei Schritt a) umfasst, dass nach dem Flui-
disieren mitdem Halogengas oder dem Gasgemisch
mit einem Reinigungsgas in dem Wirbelbettreaktor
bei einer Temperatur von 800 °C bis 1300 °C fluidi-
siert wird, wobei das Reinigungsgas bei der Tempe-
ratur zumindest mit Kohlenstoff nicht reagiert und
aus einer Gruppe ausgewahlt ist, die aus Helium,
Neon, Argon, Krypton und Xenon besteht.

Verfahren nach Anspruch 2, wobei das Reinigungs-
gas Argon ist.

Verfahren nach einem der vorhergehenden Anspri-
che, wobei das Metallcarbidmaterial ausgewahlt ist
aus einer Gruppe, die besteht aus Vanadiumcarbid-
material, Titancarbidmaterial, Molybdancarbidmate-
rial, Siliziumcarbidmaterial, Wolframcarbidmaterial,
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Tantalcarbidmaterial und Niobcarbidmaterial, oder
wobei das Metallcarbidmaterial Siliziumcarbidmate-
rial ist und wobei das Halogengas Chlor ist.

Verfahren nach einem der vorhergehenden Ansprii-
che, wobeiin Schritta) das Halogengas in einer Men-
ge zugefihrt wird, die von 100 % bis zu und ein-
schlieBlich 110 % der stéchiometrisch bendtigten
Menge betragt.

Verfahren nach einem der vorhergehenden Ansprii-
che, wobei in Schritt b) das Vakuum von
einschliellich 5 mbar bis einschlieRlich 200 mbar,
vorzugsweise von einschliellich 5 mbar bis ein-
schliellich 80 mbar, mehr vorzugsweise von ein-
schlieflich 8 mbar bis 15 mbar betragt, mehr vor-
zugsweise 10 mbar betragt.

Verfahren nach einem der vorhergehenden Ansprii-
che, wobei

Schritt a) fir eine Dauer von einschlieRlich 8
Stunden bis einschlieBlich 13 Stunden durchge-
fUhrt wird;

Schritt b) fir eine Dauer von einschlieRlich 12
Stunden bis einschlieRlich 30 Stunden durchge-
fUhrt wird; und

Schritt ¢) fur eine Dauer von einschlieRlich 2
Stunden bis einschlieRlich 4 Stunden durchge-
fihrt wird.

Verfahren nach Anspruch 7, wobei

in Schritt a) das Fluidisieren mit Halogengas fiir
eine Dauer 9 Stunden bis einschlief3lich 11 Stun-
den durchgefiihrt wird und das Fluidisieren mit
dem Reinigungsgas fir eine Dauer von 1,5
Stunden bis 2,5 Stunden durchgefiihrt wird; und
Schritt b) fur eine Dauer von 22 Stunden bis ein-
schlieRlich 26 Stunden durchgefihrt wird.

Verfahren nach einem der vorhergehenden Ansprii-
che, wobei Schritt ¢) vor Schritt d) durchgefiihrt wird
oder wobei Schritt d) vor Schritt ¢) durchgefiihrt wird
oder wobei Schritt ¢) vor Schritt d) durchgefiihrt wird
und anschlieRend nochmals Schritt ¢) mit einer ge-
ringeren Dauer durchgefiihrt wird.

Verfahren nach einem der vorhergehenden Ansprii-
che, wobei Schritt b) unter Verwendung des Wirbel-
bettreaktors durchgefiihrt wird.

Verfahren nach einem der vorhergehenden Ansprii-
che, wobei Schritt c) unter Verwendung des Wirbel-
bettreaktors oder unter Verwendung eines Drehrohr-
ofens durchgefiihrt wird.
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Revendications

Procédé de fabrication d’'un matériau de carbone mi-
croporeux, comprenant les étapes suivantes :

a) dans un réacteur a lit fluidisé, fluidiser un ma-
tériau granulaire de carbure métallique au
moyen d’'un gaz halogéné ou d’'un mélange de
gaz contenant un gaz halogéné a une tempéra-
ture comprise entre 800 °C et 1300 °C inclue ;
b) maintenir le produit obtenu a I'’étape a) a une
température de 150°C a 250°C au maximum et
sous vide a une pression de 1 mbar a 300 mbar
inclus; et ensuite ou ultérieurement

¢) maintien sous une atmosphére d’hydrogéne
gazeux ou d’'un mélange gazeux contenant au
moins 30 % en volume d’hydrogéne par rapport
au volume total du mélange gazeux, a une tem-
pérature comprise entre 800°C et 1300°C
inclue ; et

d) broyage pour obtenir une taille de particule
D90 comprise entre 10 um et 30 um inclue et
une taille de particule D10 comprise entre 1,5
pm inclue et 2 pm.

Procédé de I'une quelconque des revendications
précédentes, dans laquelle I'étape a) comprend,
apres fluidisation avec le gaz halogéne ou le mélan-
ge de gaz, la fluidisation avec un gaz de purge dans
le réacteur a lit fluidisé a une température de 800°C
a 1300°C, le gaz de purge ne réagissant pas avec
au moins le carbone a cette température et étant
choisi dans un groupe constitué d’hélium, de néon,
d’argon, de krypton et de xénon.

Procédé de la revendication 2, dans laquelle le gaz
de purge est de 'argon.

Procédé de I'une des revendications précédentes,
dans laquelle le matériau de carbure métallique est
choisi dans un groupe comprenant le matériau de
carbure de vanadium, le matériau de carbure de ti-
tane, le matériau de carbure de molybdéne, le ma-
tériau de carbure de silicium, le matériau de carbure
de tungsténe, le matériau de carbure de tantale et
le matériau de carbure de niobium, ou dans laquelle
le matériau de carbure métallique est le matériau de
carbure de silicium et dans laquelle le gaz halogéne
est le chlore.

Procédé selon I'une des revendications précéden-
tes, dans laquelle, a I'étape a), le gaz halogéne est
fourni en une quantité comprise entre 100 % et 110
% de la quantité requise stoechiométriquement.

Procédé selon I'une des revendications précéden-
tes, dans laquelle a I'étape b) le vide est compris
entre 5 mbar et 200 mbar, de préférence entre 5
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mbar et 80 mbar, de préférence entre 8 mbar et 15
mbar, de préférence encore a 10 mbar.

7. Procédé selon l'une des revendications précéden-
tes, dans laquelle : 5

I'étape a) est effectuée pendant une durée com-
prise entre 8 heures et 13 heures incluses ;

I'étape b) est réalisée pendant une durée com-
prise entre 12 heures et 30 heures incluses ; et 70
I'étape c) est réalisée pendant une durée com-
prise entre 2 heures et 4 heures incluses.

8. Procédé de la revendication 7, dans laquelle :

15
al'étape a), lafluidification avec le gaz halogéne
est effectuée pendant une durée de 9 heures a
11 heures incluses, et la fluidification avec le
gaz de purge est effectuée pendant une durée
de 1,5 heure a 2,5 heures ; et 20
I'étape b) est réalisée pendant une durée com-
prise entre 22 et 26 heures.

9. Procédé selon I'une des revendications précéden-
tes, danslaquelle I'étape c) est effectuée avant'éta- 25
pe d), ou dans laquelle I'étape d) est effectuée avant
I'étape c), ou dans laquelle I'étape c) est effectuée
avant I'étape d), puis I'étape c) est effectuée a nou-
veau pendant une durée plus courte.
30
10. Procédé selon I'une des revendications précéden-
tes, dans laquelle I'étape b) est réalisée a I'aide du
réacteur a lit fluidisé.

11. Procédé selon I'une des revendications précéden- 35
tes, dans laquelle I'étape c) est réalisée a I'aide d’'un
réacteur a lit fluidisé ou d’un four rotatif.
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